[1] Satellite remote sensing is a promising technique for estimating global or regional evapotranspiration (ET). A simple and accurate method is essential when estimating ET using remote sensing data. Such a method is investigated by taking advantage of satellite measurements and the extensive ground-based measurements available at eight enhanced surface facility sites located throughout the Southern Great Plains (SGP) area of the United States from January 2002 to May 2005. Data analysis shows that correlation coefficients between ET and surface net radiation are the highest, followed by temperatures (air temperature or land surface temperature, T s ), and vegetation indices (enhanced vegetation index (EVI) or normalized difference vegetation index (NDVI)). A simple regression equation is proposed to estimate ET using surface net radiation, air or land surface temperatures and vegetation indices. ET can be estimated using daytime-averaged air temperature and EVI with a root mean square error (RMSE) of $30 W m À2 and a correlation coefficient of 0.91 across all sites and years. ET can also be estimated with comparable accuracy using NDVI and T s . More importantly, the daytime-averaged ET can also be estimated using only one measurement per day of temperatures (the daytime maximum air temperature or T s ) with comparable accuracy. A sensitivity analysis shows that the proposed method is only slightly sensitive to errors of temperatures, vegetation indices and net surface radiation. An independent validation was made using the measurements colleted by the eddy covariance method at six AmeriFlux sites throughout the United States from 2001 to 2006. The land cover associated with the AmeriFlux sites varies from grassland, to cropland and forest. The results show that ET can be reasonably predicted with a correlation coefficient that varies from 0.84 to 0.95 and a bias that varies from 3 W m À2 to 15 W m À2 and RMSE varying from $30 W m À2 to $40 W m À2 . The positive bias partly comes from the energy imbalance problem encountered in the eddy covariance method. The proposed method can predict ET under a wide range of soil moisture contents and land cover types.
Introduction
[2] Evapotranspiration (ET) is a primary process driving energy and water exchanges between the hydrosphere, atmosphere and biosphere [e.g., Priestley and Taylor, 1972; Monteith, 1973] . It is required by short-term numerical weather predication models and longer-term simulations for climate predication [Rowntree, 1991] .
[3] Conventional techniques provide essentially point measurements, which usually do not represent area means because of the heterogeneity of land surfaces and the dynamic nature of heat transfer processes. Satellite remote sensing is a promising tool which has been used to provide reasonable estimates of ET or the evaporative fraction (EF), which is defined as the ratio of ET to available total energy (the difference between surface net radiation and ground heat flux [Shuttleworth et al., 1989] ). Over the last few decades a large number of techniques have been proposed to estimate ET (see Drexler et al. [2004] , Kite and Droogers [2000] , Verstraeten et al. [2005] , and Wang et al. [2005d] for review).
[4] Under the assumption that the energy storage of a canopy and energy advection are negligible, ET can be calculated as a residual of the surface net radiation (R n ), the sensible heat flux (H) and ground heat flux (G):
Surface heat flux H is usually determined following the Monin-Oblukhov similarity theory [Monin and Oblukhov, 1954] in the following parameterized form [e.g., Friedl, 2002; Drexler et al., 2004; Wang et al., 2005d] :
where r is the density of air, C p is the specific heat of air, T o is the surface aerodynamic temperature, T a is the nearsurface air temperature, and r a is the aerodynamic resistance. In satellite remote sensing applications, the land surface radiometric temperature (T s ) retrieval is often used instead of the aerodynamic temperature in equation (2) [see, e.g., Kustas et al., 1989] .
[5] The methods that use the surface-air temperature gradient require unbiased T s retrievals and air temperature interpolated from ground-based point measurements. Attempts at estimating spatial variability in air temperature at regional scales with remote sensing suggest an uncertainty of 3 -4 K [Goward et al., 1994; Prince et al., 1998 ]. The uncertainties associated with measurements of the T s retrievals are on the order of several K [Oku and Ishikawa, 2004; Peres and DaCamara, 2004; Prata and Cechet, 1999; Sun et al., 2004] . As such, except in areas containing low vegetation cover, this derived surface-air temperature gradient is often comparable to its uncertainties [Caselles et al., 1998; Norman et al., 2000] . Therefore ET estimates are sensitive to land surface temperature or air temperature errors. For example, Timmermans et al. [2007] showed that a ±3 K error in T s results in an average error about of 75% of the sensible heat flux for the Surface Energy Balance Algorithm for Land (SEBAL [Bastiaanssen et al., 1998] ) and an averaged error of about 45% for the Two Source Energy Balance method (TESE [Norman et al., 1995] ) over subhumid grassland and semiarid rangeland.
[6] Two different types of methods have been proposed to reduce the sensitivity of flux retrievals to uncertainties in T s and air temperature: methods using the temporal variation of T s [Anderson et al., 1997; Nishida et al., 2003; Norman et al., 2000] and the method using the spatial variation of T s [e.g., Jiang and Islam, 2001 ]. The T s and NDVI spatial variation (T s À NDVI) method uses spatial information about T s and NDVI to reduce the requirement of accuracy in the T s retrievals [Venturini et al., 2004] . Jiang and Islam [2001] estimated EF by interpolating the Priestley-Taylor parameter [Priestley and Taylor, 1972] using the triangular distribution of the T s À NDVI spatial variation.
[7] In a previous study, Wang et al. [2006] estimated EF using the day-night T s difference (DT s À NDVI) spatial variation method. The method lessens the sensitivity of the EF estimation to the error in the T s retrievals by using a combination of spatial and temporal T s and vegetation indices information. However, it is difficult to directly obtain ET from EF because ground heat flux is required, as well as surface net radiation. Nagler et al. [2005a Nagler et al. [ , 2005b proposed to directly estimate ET over riparian vegetation during the growing season using a simple regression equation that combines Moderate-resolution Imaging Spectroradiometer (MODIS) Enhanced Vegetation Index (EVI) and air temperature. Satellite T s retrieval were not incorporated into their method because they believe that T s at 1-km and 5-km resolution is too coarse to characterize temperature over a narrow riparian corridor.
[8] In the present study, advantage is taken of satellite measurements and the extensive ground-based measurements available at the 8 enhanced surface facility sites located throughout the Southern Great Plains (SGP) area of the United States from January 2002 to May 2005. A simple method is proposed based on the data analysis, with input parameters that can be solely obtained from satellite remote sensing data, such as that from MODIS. The sensitivity of the ET estimation to the T s error greatly decreases and its accuracy is better or comparable to that of the more complicated methods. Independent validation is made using the measurements based upon the eddy covariance method at six AmeriFlux sites throughout the United States from 2001 to 2006.
Methodology

Data and Study Area
[9] Given that satellites can only provide limited information pertaining to ET, a major task in the remote sensing of ET is to identify key factors influencing the processes involved and its parameterization from satellite data. To this end, extensive measurements of surface fluxes, meteorological and soil variables, as well as coincident satellite data are required. This requirement is met thanks to the continuous observations made over the past decade at the SGP sites, such as the Energy Balance Bowen Ratio (EBBR) stations and the Solar and Infrared Radiation Stations (SIRS). Measurements include ET, surface net radiation and its components, related meteorological parameters and soil moisture.
[10] Data collected from eight extended facility sites located throughout the SGP were selected here. Figure 1 shows the International Geosphere-Biosphere Programme (IGBP) land cover types that characterize the study region, and the superimposed locations of the eight enhanced facility sites chosen for this study. Table 1 shows that the eight sites chosen represent a variety of land types, soil moisture and vegetation conditions. Table 1 also shows that these stations are located on uncultivated land such as pastures, grazed and ungrazed rangeland and native prairie. These stations operate continuously throughout the year. The measurements and instruments at the EBBR stations are summarized in Table 2 and SIRS stations measurements and instruments are summarized in Table 3 . More details about the SGP sites and the measurements, are given at http:// www.archive.arm.gov/ or by Wang et al. [2006] .
[11] SIRS and EBBR data averaged over 30 min were downloaded from http://www.archive.arm.gov/, from which daytime-averaged data used in this paper are obtained. The ground data sets cover a period ranging from January 2002 to May 2005.
[12] Coincident satellite data used in this study, such as MODIS land surface products related to ET, including T s , vegetation indices, albedo, and land cover type were obtained from http://edcdaac.usgs.gov/modis/dataprod.html.
[13] Two MODIS instruments [Salomonson et al., 1989] [14] Two algorithms were used to retrieve T s from the MODIS thermal and middle infrared spectral regions: the . International GeosphereBiosphere Programme (IGBP) land cover types are shown: 0, water body; 1, evergreen needleleaf forest; 2, evergreen broadleaf forest; 3, deciduous needleleaf forest; 4, deciduous broadleaf forest; 5, mixed forest; 6, closed shrubland; 7, open shrubland; 8, woody savanna; 9, savanna; 10, grassland; 11, permanent wetland; 12, crop land; 13, urban/build up; 14, crop land/natural vegetation mosaic; 15, snow/ ice; and 16 , barren lands. The locations of the eight enhanced facility (EF) sites are also shown. generalized split window algorithm [Wan and Dozier, 1996] and the MODIS day/night T s algorithm [Wan and Li, 1997] . Different validations have shown that the MODIS T s at 1-km resolution produced by the splitwindow algorithm has an accuracy of $1 K [Coll et al., 2005; Wan et al., 2002 Wan et al., , 2004 Wang et al., 2005a Wang et al., , 2007 ].
The T s at 1-km resolution has a spatial scale much larger than that of the ground measurements. To keep the scales consistent, the T s used here is calculated from upwelling longwave radiation (L u ) measurements collected at the SIRS using the Stefan-Boltzmann law:
where s is the Stefan-Boltzmann's constant (5.67 Â 10 À8 W m À2 K À4 ) and e is the surface broadband emissivity, which can be obtained from MODIS narrowband emissivities in the thermal infrared region from the MODIS day/night T s products [Wang et al., 2005b] .
[15] Two global vegetation index products are available from the MODIS: the NDVI and the EVI [Huete et al., 2002] which are given by:
where r is reflectance after atmospheric correction, the subscript ''nir'' represents the MODIS near-infrared band (band 2 at 0.841 -0.876 mm), ''red'' represents the MODIS red band (band 1 at 0.620 -0.670 mm) and ''blue'' represents the MODIS blue band (band 4 at 0.545 -0.565 mm). A 16-day compositing procedure was developed to provide high-quality vegetation index data every 16 days [Van Leeuwen et al., 1999] . The large scale of the MODIS 1-km resolution vegetation data may result in errors in the ET estimation.
Closely Related Parameters
[16] Data collected from January 2002 to May 2005 are analyzed at the eight sites in order to identify factors that derive the variation of ET.
[17] Figure 2 gives an example of the time series of daytime-averaged ET, air temperature, soil moisture, EVI, and surface net radiation collected at site EF20. Surface net radiation, air temperature, and EVI demonstrate a seasonal variation similar to that of ET. Therefore the correlation coefficients between ET and these parameters are expected to be high. Soil moisture shows a different seasonal variation from that of ET so the correlation coefficients between soil moisture and ET are expected to be low.
[18] Table 4 summarizes the correlation coefficients between ET and the temperatures including near-surface air temperature and T s , vegetation indices including NDVI and EVI, the surface net radiation and its components, and soil moisture at the eight sites. The daytime-averaged data were used to calculate the correlation coefficients, and the values of daily vegetation indices (NDVI and EVI) are directly obtained from MODIS vegetation indices products, that is to say all daily vegetation indices in the composite period equal to the composite values.
[19] Generally, surface net radiation has the highest correlation coefficient. This is easy to understand because surface net radiation is the energy available to drive surface evaporation and vegetation transpiration [Arora, 2002] . This has been shown by many studies; for example, Priestley and Taylor [1972] demonstrated that the evaporation (or evapotranspiration) over water surfaces and dense vegetation is closed related to the available energy and the evaporation can be solely calculated from the available energy and air temperature using the Priestley-Taylor equation [Wang et al., 2006] . Parlange and Albertson [1995] extended the usage of the Priestley-Taylor equation to general conditions. After comparing 27 models to estimate potential evapotranspiration over a large sample of 308 catchments located in France, Australia and the United States, Oudin et al. [2005] concluded that the surface net radiation and temperature are the most essential controlling parameters for Field measurement uncertainties include the uncertainties associated with radiometer calibration and measurement system installation, operation and maintenance. Two standard deviations (95% coverage) were used to account for the random components of the total uncertainty estimates. estimating potential evapotranspiration. A formula based on surface net radiation and temperature was proposed, which claims to have a better accuracy than those of the more complicated models.
[20] The correlation coefficients between ET and temperatures are the second highest. In addition to daytimeaveraged temperatures, daytime maximum values are also used to calculate the correlation coefficients because they are more easily obtained. Daytime maximum air temperature can be obtained directly from routine weather station observations, and daytime maximum T s can be obtained from geostationary or polar orbit satellite observations, such as those collected by the Advanced Very High Resolution Radiometer (AVHRR) and MODIS [Aires et al., 2004; Göttsche and Olesen, 2001; Jin and Dickinson, 1999; Jin, 2000] . The correlation coefficients between ET and daytime maximum temperatures are comparable to those between ET and daytime-averaged values, which shows that it is possible to estimate daytime-averaged ET with only once per day satellite or ground-based measurements.
[21] The vegetation indices are also highly correlated to ET and the correlation coefficients for EVI are a little higher than those for NDVI, which is also found by Nagler et al. [2005a Nagler et al. [ , 2005b . Suzuki and Masuda [2004] found that the NDVI is highly correlated to ET at large scales. Vegetation transpiration couples with CO 2 assimilation through the process of vegetation photosynthesis; therefore vegetation amount is one of the determining factors in vegetation transpiration. Vegetation indices along with leaf area index (LAI) have been widely used to quantify the surface vegetation amount [Tucker, 1979] . Arora [2002] claimed that LAI is the basis of ET parameterizations over vegetationcovered surfaces in physically based hydrological models. Recent studies have shown that ET is closed related to green leaf area and vegetation indices [Burba and Verma, 2005; Li et al., 2006] .
[22] Table 4 also demonstrates that correlation coefficients between soil moisture and ET are low because the seasonal variation differ between soil moisture ET (see also Figure 2 ). New research shows that when the soil moisture is above the wilting point the influence of soil moisture on ET is very small [Jaksic et al., 2006] . This is often the case for vegetation-covered areas. However, soil moisture does influence ET, especially during long drought periods.
Parameterization of ET
[23] In the above section, it has been shown that surface net radiation, temperatures and vegetation indices are the top three variables correlated with ET. The relationship between ET and these parameters will be further studied in detail in order to accurately parameterize ET.
[24] Figure 3 shows an example of the scatterplots of ET as a function of the daytime-averaged air temperature, the daytime-averaged T s , the EVI and the surface net radiation collected at site EF18. The relationship between ET and EVI and air temperature are similar to those found by Nagler et al. [2005a, Figure 6] and Nagler et al. [2005b, Figure 2] . Figure 3 demonstrates that ET increases near linearly with surface net radiation. Therefore it seems reasonable to select surface net radiation as the first factor used to parameterize ET. Global surface radiation estimates of high accuracy have been retrieved from satellite data [e.g., Allan et al., 2004; Bisht et al., 2005; Diak et al., 2004; Gupta et al., 1999; Li and Leighton, 1993; Li et al., 2005; Wang et al., 2005b Wang et al., , 2005c Zhang et al., 2004] .
[25] Surface net radiation was used to normalize daytime-averaged ET because of their near-linear relationship. Table 5 summarizes the correlation coefficients between the ET normalized by surface net radiation and related parameters. After normalization, vegetation indices have the highest correlation coefficients, and temperatures have the second-highest correlation coefficients. The correlation coefficients between normalized ET and surface net radiation are very low now, which means that the linear relationship is enough to characterize the influence of surface net radiation on ET. The correlation coefficients between soil moisture and normalized ET are still very low, which indicates that the influence of soil moisture on ET is less than that of surface net radiation, vegetation conditions (vegetation indices) and temperatures in vegetated regions.
[26] Figure 4 shows an example of the scatterplots of ET normalized by surface net radiation as a function of the daytime-averaged air temperature, the daytime-averaged T s , the EVI and the NDVI collected at site EF09. The normalized ET increases near linearly with the two temper- atures and vegetation indices. Therefore ET can be parameterized as follows:
where VI can be EVI or NDVI, and T can be daytimeaveraged (or daytime maximum) air temperature or T s . Table 6 summaries the coefficients used in this parameterization of ET (equation (6)) for different combinations of temperature and vegetation indices using all the daytimeaveraged data collected at the 8 sites during January 2002 to May 2005.
Validity of the Parameterization
[27] Because the vegetation indices data are available on a 16-day basis, we compare the predicted ET with measured ET on a 16-day basis similar to that of Nagler et al. [2005a Nagler et al. [ , 2005b . It should be noted that the coefficients of equation (6) are obtained using daytime-averaged data (see Table 6 ), and can be used to predict daytime-averaged ET. Figure 5 shows the time series of the measured and predicted ET using equation (6) with EVI and daytimeaveraged air temperature at the 8 sites over the SGP. In general, the measured and predicted seasonal curves are in good agreement.
[28] Table 7 summarizes the statistical parameters of the measured and predicted ET at each site. Figure 6 shows a scatterplot of the measured and predicted ET using equation (6) with EVI and daytime-averaged air temperature at the sites. Table 7 shows that the mean differences between measured and predicted ET are less than 6 W m À2 for most sites. The correlation coefficients vary from 0.88 to 0.96 for all 8 sites (Table 6) , which are higher than those reported by Nagler et al. [2005a Nagler et al. [ , 2005b . Although the correlation coefficients between ET and vegetation indices are less than those reported by Nagler et al. [2005a Nagler et al. [ , 2005b , the correlation coefficients between measured and predicted ET in the present study are higher because surface net radiation has been incorporated into the parameterization of ET. The root mean square error (RMSE) of the predicted ET at all sites ranges from $20 W m À2 to $30 W m
À2
, with a relative RMSE (ratio to the average of measured ET across all sites and years) of $20%.
[29] Nagler et al. [2005a Nagler et al. [ , 2005b argued that their method should only be used under water unstressed conditions, e.g., for riparian vegetation. At site EF08, soil moisture (at 2. 5 cm) is very low, about 0.08 kg/kg (annual average, see Table 1 and Figure 7) . However, ET can be predicted with an accuracy comparable to those at sites with high soil water contents. Figure 7 shows that the parameterization can work well for a wide range of soil moisture content. This is similar results found by Jaksic et al. [2006] , where they showed that when the soil moisture is above the wilting point, the influence of soil moisture on ET is very small. The parameterization will overestimate ET during severe drought conditions, such as during the June-July 2003 period (about day number 510-550) for site EF07 (Figure 7 ). However, it was found that ET over The data collected during January 2002 to May 2005 at the eight sites are used to derive the parameters. The root mean square errors (RMSE) and correlation coefficients between predicted and measured ET are also shown. The relative bias (or RMSE, root mean square error) is the ratio of bias (or RMSE) Figure 5. Time series of the measured (dots) and predicted ET (solid lines) using equation (6) with EVI and daytime-averaged air temperature at the eight sites.
vegetation is closely related to the root zone soil moisture except in conditions of extreme soil water deficit [Arrett and Clark, 1994; Arora, 2002; Carlson et al., 1994] and therefore depends on different vegetation conditions [Arora, 2002] , which complicate the usage of soil moisture content. Given the complication of using soil moisture content, this factor is not incorporated in our current parameterization of ET.
[30] Table 6 demonstrates that NDVI and T s can also be used to predict ET with comparable accuracy. More importantly, Table 6 demonstrates that the daytime-averaged ET can be predicted with comparable accuracy using once per day temperature measurements, such as daytime maximum air temperature from routine weather observations or daytime maximum T s from satellite measurements. These data are more easily obtained than 30-min averaged temperature measurements.
Sensitivity Analysis of the Parameterization
[31] Assuming that interactions between temperature, EVI and net radiation are small enough to be ignored, the sensitivity of ET to temperature (T), EVI and net radiation can be written as:
Therefore the relative error in ET caused by the errors in temperature, EVI and net radiation (Rn) can be written as:
For example, if EVI = 0.35, Rn = 350 W m
À2
, and Tair = 25°C, the relative error in ET resulting from an error of 4°C in air temperature is 3.8%. The relative error in ET resulting from an error of 0.04 in EVI is 7.8%, and the Figure 6 . Scatterplot of the predicted ET (using equation (6) with EVI and daytime-averaged air temperature) as a function of the measured ET for the eight sites. relative error in ET caused by an error of 20 W m À2 in Rn is 5.8%. One can see that the predicted ET is less sensitive to the error in air temperature. The results for other combinations of parameters are similar. The sensitivity is much less than that of methods using surface-air temperature gradients [Timmermans et al., 2007] .
Independent Validation
[32] It was shown in section 2.4 that ET can be estimated using daytime-averaged air temperature and EVI with a root mean square error (RMSE) of $30 W m
À2
, and a correlation coefficient of 0.91 across all sites and years However, the method needs to be validated by independent data sets. The measurements collected at six AmeriFlux sites (http:// public.ornl.gov/ameriflux/data-get.cfm) are selected to do so. Table 8 shows a summary of the condition of the AmeriFlux sites located throughout the United States. Compared with the uncultivated land of the SGP sites and the closer geographic proximity of the sites, the land cover types at the AmeriFlux sites vary from grassland, to cropland and forest and their locations are also greatly different from each other.
[33] The ET at these AmeriFlux sites is measured by the eddy covariance (EC) method. The eddy covariance method is believed to be the best method to directly measure heat fluxes and is widely used in global measurement experiments, such as FLUXNET (http://www.daac.ornl.gov/ FLUXNET/fluxnet.html) [Baldocchi et al., 2001] . Unfortunately, it suffers from an energy imbalance problem; that is, Figure 7 . Time series of the measured ET (dots), predicted ET (solid lines) using equation (6) with EVI and daytime-averaged air temperature and soil moisture content (SM, unit: kg/kg, black dots) at three sites. the sum of the measured sensible and latent heat fluxes is not equal to the available energy, which should be equal according to the energy balance law (see equation (1) for an example). The sum is often much less than the available energy, which may result in an underestimation of ET [Wilson et al., 2002] . The method proposed by Twine et al. [2000] is selected to avoid this issue. However, because there are no ground heat flux measurements available at sites Mead Irrigated, Mead Irrigated Rotation and Mead Rainfed, ET at these sites are not corrected.
[34] The parameters in Table 6 obtained from SGP EBBR sites are used to predict ET over the AmeriFlux sites. Figure 8 gives an example of the times series of the measured and predicted 16-day average ET using equation (6) with EVI and daytime-averaged air temperature measured at the six AmeriFlux sites. Table 9 gives the statistical parameters of the measured and predicted 16-day averaged ET using equation (6) Norman et al. [2003] reported that the Figure 8 . An example of the times series of the measured (solid line) and predicted 16-day average ET (dots) using equation (6) with EVI and daytime-averaged air temperature at the six AmeriFlux sites. The parameters obtained from the data generated by the Energy Balance Bowen Ration (EBBR) method collected over the Southern Great Plains (Table 6) .
ET estimated by combining low (GOES) and high (aircraft) resolution ($24 m) remote sensing data had a RMSE of about 40 W m
. The ET estimated from more complicated models also demonstrates comparable uncertainties [e.g., Rivas and Caselles, 2004] .
[36] The required ET retrieval accuracy varies according to application, but is typically 50 W m À2 , as suggested by Seguin et al. [1999] . The accuracy of this study meets this requirement. At the same times, Jiang et al. [2004] also show that a reasonable upper limit to the accuracy of remote sensing methods for obtaining ET is about 20%.
Conclusions
[37] A simple and accurate method is essential to estimate ET using remote sensing data. The suitability of the method also depends on the practicability of the required input data. In the present study, this was done by taking advantage of satellite measurements and the extensive ground-based measurements available at 8 enhanced surface facility sites located throughout the Southern Great Plains from January 2002 to May 2005.
[38] The dominant factors driving the seasonal variation of ET are surface net radiation, temperatures and vegetation indices. Correlation coefficients between surface net radiation and ET are the highest, followed by temperatures and vegetation indices. A simple regression equation is obtained to estimate ET using surface net radiation, air or land surface temperatures and vegetation indices.
[39] ET predicted from the equation using a combination of surface net radiation, daytime-averaged air temperature and enhanced vegetation index (EVI) has an average RMSE of $30 W m
À2
, and the correlation coefficients between measured and predicted ET vary from 0.88 to 0.96 for all the sites. ET can also be estimated from NDVI and T s with comparable accuracy. More importantly, daytime-averaged ET can be estimated using only one measurement of temperature (daytime maximum air temperature or T s ) per day with comparable accuracy. The daytime maximum air temperature can be obtained directly from routine observations made at weather stations, and T s can be derived from geostationary or polar orbit satellite observations. Sensitivity analysis shows that the proposed method is less sensitive to the errors in temperature, vegetation indices and net radiation than that of the method using surface-air temperature gradient.
[40] Independent validation is carried out using the measurements from eddy covariance method at six AmeriFlux sites located throughout the United States from 2001 to 2006. The land cover of the sites varies from grassland, to cropland and forest. The results show that ET can be predicted with correlation coefficients that vary from 0.84 to 0.95, biases that vary from $3 W m À2 to $15 W m À2 , and RMSE varying from $30 W m À2 to $40 W m
. The positive bias may partly come from the energy imbalance issue encountered in the eddy covariance method.
[41] Arora [2002] argued that photosynthesis and transpirational water losses are strongly linked, and therefore the net primary production and evapotranspiration from vegetation are coupled. Nemani et al. [2003] believed that temperature, surface radiation and water are the three most important climate factors influencing net primary production and they further showed that the influence of radiation and temperature are much larger than that of water in the present study region. Development of the proposed method shows a similar conclusion. The results reported by Nemani et al. [2003] also suggest that the simple equation proposed here may be suitable on a wide basis. However, more data and studies are needed to investigate its suitability for other areas and cover types. The method proposed here should be confined to regions where surface net radiation is a major controlling factor of ET and should be used with caution in areas where energy advection is important.
[42] Soil moisture content is not incorporated into the parameterization of ET introduced here. Jaksic et al. [2006] argue that when the soil moisture is above the wilting point its influence on ET is very small. The equation can predict ET under a wide range of soil moisture contents and land covers. However, the parameterization will overestimate ET during severe drought conditions.
[43] The input data of the proposed method, e.g., surface net radiation, temperature and vegetation indices, can be solely obtained from satellite measurements. Given the input parameters, regional ET distributions are easily generated.
